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(54) Method and Apparatus to Inspect Hoisting Ropes 


(57) A hoisting rope (18) for an elevator includes a 
plurality of longitudinally spaced, discrete targets (36) 
retained within the rope (18). The targets (36) have a 
characteristic that nnay be monitored by a device that is 
responsive to that characteristic, in a particular embod* 
imeni. the targets (35) are formed from a magnetically 
permeable nnaleriaJ and the monitoring device responds 
to changes in the magnetic field as the target (36) pass- 
es the monitoring device. In another embodiment, The 
targets (36) are formed from material that reflects elec- 


tromagnetic energy. In this embodiment, the monitoring 
device emits electronnagneiic energy and is sensitive to 
the energy that is reflected back from the target (36). A 
method of inspecting the hoisting ropes (18) includes 
the steps of positioning the monitoring device proximate 
to the hoisting rope (18). moving the hoisting rope rela- 
tive to the device, and monitoring the targets (36) to de- 
termine the spacing between targets. Changes in spac- 
ing are indicative of stretching of the rope, and thereby 
degradation of the rope. 


FIG.2 ,8 
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Description 

The preseni invention relates to roped elevator sys- 
tems, and more panicular ly to a method and apparatus 
for inspecting the hoisting ropes of such systems. 

Hoisting ropes tor elevators are used to provide the 
necessary lifting forces and iraaion forces for moving 
the elevator car. Hoisting ropes are typically formed from 
steel wire strands woven together to form the rope Such 
hoisting ropes have proven to be very durable and de- 
pendable. A drawback to the use ot steel wire ropes is 
their weight. As the rise of the elevator increases, the 
portion of the load resulting from the rope weight in- 
creases. This produces a linniiation on the rise of the el- 
evator and the size ot the lifting equipment. 

Other high strength materials have been suggested 
to replace the steel wire ropes. High strength, poiyara- 
mid materials, such as KEVLAR, are being investigated 
for use in elevator applications. These ropes would be 
formed from poiyaramid fibers woven lo form strands, 
which are then woven together to form the rope. An oui- 
er jacket may then be used to protect the woven fibers 
from damage and wear, and to provide the necessary 
traction to move the elevator car 

An area of concorn is how to inspect such synthetic 
ropes to ddtermine if the rope Should be discarded and 
replaced with a new rope. The current inspection meth- 
ods for steel wire rope includes visually inspecting the 
rope to determine the number of broken steel fibers in 
a given length of steel rope. If a predetermined maxi- 
mum number of broken fibers is detected, the steel rope 
is discarded. This method is not applicable to synthetic 
fiber ropes having an outer jacket. 

One previously known method is to place an elec- 
trically conductive member within the rope. The status 
of the conductive member may be tested by applying an 
electrical current to the member If dannage occurs to an 
extent great enough to break the conductive member, 
the electrical circuit is broken. There are several draw- 
backs to this method. First, there is no assurance that 
the loss of electrical continuity is the result of damage 
to the rope. Second, there is no qualitative information 
to indicate if the rope is degrading during use. The first 
indication is provided by the broken conductive member. 
Fuaner, this meihod provides no information on the lo- 
cation of the damage along the length of the rope. 

The above art notwithstanding, scientists and engi- 
neers under the direction of the applkranl are working to 
develop methods arid apparatus to inspect hoisting 
ropes. 

According to the present invention there is provided 
a hoisting rope including a plurality of discrete targets 
retained within the hoisting rope, the targets being 
spaced aksng the length of the hoisting rope, the targets 
having a characteristic that may be monitored by a de^ 
vice responsive to that characteristic, such that changes 
in spacing between targets are indicative of a degrada- 
tion in the hoisting rope. 


The present invention is predicated in part upon the 
recognitk^n that as a hoisiing rope degrades, the fibers 
and strands begin to fail. This will cause the remaining 
fibers and strands to carry less toads, which will lead to 

5 elongation of those fibers and strands. Monitoring the 
etongaiion of the rope provides an indication of the level 
of degradation of the rope. 

Thus, the hoisting rope includes a plurality of longi- 
tudinally spaced, discrete targets retained within the 

10 rope. The targets have a characteristic that may be mon- 
itored by a device responsive lo that characteristic. 

According to another aspect of the invention, a 
method of inspecting hoisiing ropes includes the steps 
of positkxiing the device proximate to the hoisting rope, 

IS nDovingthe hoisting rope relative to the device, and mon- 
itoring the targets to determine the spacing between tar- 
gets. 

The invention also extends to an elevator system 
including the rope according to the invention. 

20 The feature of targets disposed within the rope pro- 
vides the advantage of being able lo monitor the rope 
without requiring visual inspection or destructive evalu- 
ation. The monitoring device can sense each target 
when the target is proximate to the device. The spacing 

55 t>etwccn targets may then bo monitored for changes. 
For example, if a particular section of rope begins to de- 
grade, that section may begin to stretch as fewer sirar>ds 
and fibers begin to carry the load. Stretching of this sec- 
lion of the rope vyiJt cause the targets in thai section to 

so move further apart. When this section of the rope is rTK>n- 
iiored by the device, the increase in separation between 
targets will be recognized- 
Further advantages of the inventton include that the 
device may be used to periodically inspect the ropes, or 
the device nnay be placed in a fixed position near the 
ropes and used to continually monitor the ropes. The 
latter embodiment is particularly advantageous for ele- 
vator applications, since the monitoring information may 
be communicated with the controller of the elevator. If 
significant degradation of the rope is sensed, the oper- 
ation of the elevator may be stopped. In addition, the 
output of the monitoring device may be communicated 
to a remote monitoring system such that maintenance 
or replacement of the ropes may t>e conducted pnor lo 
significant degradation of the ropes. 

In a particular embodiment, the plurality of targets 
are disposed within an elastic lube. The targets may be 
spaced apart by spacers disposed between adjacent 
targets. The elastic tube is not a load-carrying member 

50 of the rope and. generally, has a modulus of elasticity 
less than the load-carrying strands of the rope. This per- 
mits the tube to stretch in accordance with the amount 
the rope olongates. The spacers do not have the partic- 
ular characteristic that is being nrKxiltored by the moni- 
es toring devkse and are used to provide a predetermined 
spacing between adjacent targets. 

In one particular configuration, the targets are 
formed from material having a nrtagnetic permeability. In 
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this configuration, ihe monitoring device is sensitive to 
changes in magnetic fields such thai it responds to the 
targets. In another particular configuration, the targets 
are formed from material that reflects electromagnetic 
waves. In this configuration, the monUoring device emits 
elect romaqneiic energy and is sensitive to the energy 
that is reflected back to the monitoring device. Accord- 
ing lurther to this configuration, the targets may be 
shaped to provide reflected energy of a panicular fre- 
quency in a preselected direction, such as lateral lo the 
longitudinal direction of the f ope. This latter embodiment 
provides means to filter out unwanted noise that may 
imertere wiih the operation of the monitoring device and 
reduces radiated power needed lo detect the target. 

Some embodiments o( the invention will now be de- 
scribed, by way of example only, and with reference lo 
the accompanying drawings, in which; 

. Fig. 1 is an illustration of an elevator system; 

Fig. 2 is a sectional side view of a length of a single 
rope having a plurality of targets embedded therein; 
Fig. 3 is a sectional view taken along line 3-3 of Fig. 

2: 

Fig. 4 is a side view of a flexible tube having the 
targets and spacers; 

Figs. 6-7 are views of different shaped targets; Fig. 

5 shows a cylindrical shaped target; 

Fig. 6 shows targets Inaving a hyperbolic conical 

shape; 

Fig. 7 shows targets having an oblate spheroid 
shape; and 

Fig. S is an illustration of an alternate embodiment 
having a single monitoring device to monitor a plu- 
rality of ropes. 

Illustrated in Fig. 1 is an elevator system 12 having 
a car 1 4 connected to a counterweight IS by a plurality 
of ropes 18. The ropes 18 extend over a traction sheave 
22 that is driven by a machine 24. Traction between the 
sheave 22 and the ropes 1 8 drives the car 1 4 and coun- 
terweight IS through the hoistway. Operation of the ma- 
chine 24 is controlled by a controller 26. The controller 
26 receives inputs from a position sensing device 28 to 
deiermcne the speed and position of the car 14. 

Also illustrated in Fig. i is a rope monitoring system 
32. The rope monitoring system 32 includes a monitor- 
ing device 34 disposed in a location proximate to the 
ropes 18. The monitoring device 34 senses the pres- 
ence of targeis 36 (see Fig, 2-4) disposed within the 
ropes 18. In the embodiment shown, the monitoring de- 
vice 34 is an inductive sensor that responds to changes 
in the magnetic field within the field of response of the 
device 34. As shown in Fig. 1 . tho monitoring device 34 
produces an output that is communicated to the control- 
ler 26. 

Referring now lo Figs. 2 and 3, each rope 18 is 
formed from a plurality of load-carrying strands 38 of a 
synthetic fiber, such as KSVLAR. Captured within the 


strands 38 of the rope 1 8 is a plurality of the targets 3S. 
The targets 36 are spaced longitudinally throughout the 
rope 18 at a predetermined distance apan. The targets 
36 are centrally located within the rope 18 and are re- 
5 latned within a flexible lube 40, as showr» in Fig. 4. The 
tube 40 is not a load-carryinc; member of the rope 18. A 
plurality of flexible spacers 42 are placed between ad- 
jacent targets 33 to maintain the proper spacing be- 
tween targets 36 at the lime of installation. The neces- 
10 sary spacing between adjacent targets 36 is dependent 
upon the discrimination of the monitoring device 34 to 
the targets 36. Once installed, shear forces from the sur- 
rounding strands of the ropes 18 will provide further re- 
tention of the targets 36. 
15 The targets 36 are formed from a ferrous material 
such that each target 36 aftects the magnetic flux that 
IS generated and detectable by the monitoring device 
34. A suggested material for the targets 18 is steel, al- 
though other ferrous materials may be equally appllca- 
20 ble. Each target 36 is spherically shaped lo avoid dam- 
age to the surrounding fibers of the strands 38. The tube 
40 and the spacers 42 are formed from materials that 
do not emit magnetic flux and that have a modulus of 
elasticity less than the strand 38 material and slrain-to- 
2S failure propcnics greater than the strand rriaicrial. In this 
way. the tube 40 will stretch in accordance with the 
strands 33 during operation of the elevator system i2 
and over the life of the rope 1 8. The tube 40 and spacers 
42 are one example of a means to locate the targets 36 
30 within the rope 1 3. Other possible means of locating the 
targets include weaving the targets into the rope during 
the fabrication of the rope, or weaving a strand formed 
from alternating ferrous and non-ferrous materials into 
the strands. In addition, the tube is shown in Figs. 2 and 
9$ 3 as being located in the center of ifie rope. The tube 
may also be integrated into the rope such that it follows 
the helix or tv/ist of the stranded rope. 

During operation, the controller 26 communicates 
with the machine 24 to rotate the Uaciion sheave 22 in 
-io the desired direction. Traction forces between the 
sheave and the ropes 1 8 move the car 1 4 and counter- 
weight 16 in opposite directions, As the ropes 18 are 
driven, the plurality of targets 36 nnove past the moni- 
toring device 34. Each target 36 triggers a change in the 
^5 magnetic field that is sensed by the monitoring device 
34. The monitoring device 34 senses the amount of time 
between adjacent targets 36. The time between targets 
36 is correlated wiih the speed of the car 12, as deler^ 
mined by the position sensing device 28. to determine 
so the distance between adjacent targets 36. The deter- 
mined distance between targets 36 is then compared to 
the known distance between targets 36 at the time of 
installation. If the rope 18 has elongated in a particular 
section of the rope 18. which is indicative of degradation 
55 of the rope 18, the targets 36 in that section will also 
have moved further apart. Therefore, the increased dis- 
tance between targets 36, as compared to the known, 
installed distance between targets 36, is indicatlva of 
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degradation of the rop© 18. in addition, correlation of the 
monitoring device 3^ output ?4nd the output from the po- 
sition sensing device 2S provides a determination of the 
location of the damaged sectbn of ihe rope 18. 

The ouipui of the monitoring device 34 is commu- 
nicated lo the controller 26, The controller 26 compares 
the deiemnined distance between adjacent targets 36 
with a predetermined threshold to determine if the deg- 
radation o1 the rope i8 is sufficient such that the.elevator 
system 1 2 should be shut down. If not sufficient to war- 
rant shutting down the elevator system 1 2» the controller 
26 compares the elongation to another threshold to de- 
termine if it is sufficient to warrant an inspection of that 
particular section of rope 18. In addition, the data gen- 
erated by the mcnitoring device 34 may also be com- 
municated out to a renrKDte monitoring system 44 tor fur- 
ther analysis andt'or to provide the information to a me- 
chanic to use during a maintenance visit to the elevator 
sysiehi 12. During a maintenance visit, the mechanic 
can use the information to conduct a visual inspection 
of the degraded portion of the rope 18, such as meas- 
uring the diameter of the rope 18 or looking for visual 
signs Of damage. 

Although shown and described as a monitoring sys- 
tem for continuously monitoring the health of the ropes, 
the invention is equally applicable as a method lo peri- 
odically inspect the health of the ropes. In this configu- 
ration, a mechanic would install a monitoring device dur- 
ing a routine maintenance visit. As the elevator system 
is cycled through the hoistway, the distance between ad- 
jacent targets is determined. The information on elon- 
gation is then compared to the predetermined baseline 
distance between targets, and to previous information 
generated during previous maintenance visits, lo deter- 
mine if any significant degradation has occurred. 

The monitoring system 32 described at>ove, which 
uses changing magnetic fields to determine position of 
the targets 36, is one embodiment of the invention. An- 
other embodiment is illustrated in Fig. 8. In this embod- 
iment, the nrK>nltoring system SO includes targets 52 
formed from discrete conductive members spaced lon- 
gitudinally throughout the ropes 54 and a monitoring de- 
vice 56 that generates high frequency (2 GHz to40 GH2) 
radar directed at the plurality of ropes 54. The targets 
52. as they pass the monitoring device 56. reflect the 
electromagnetic waves in a riarrow beam that extends 
laterally from the rope 54 and is received by the moni- 
toring device 56. The targets 52 may be relatively long 
(5-200 cm) and thin (0.05-1 mm) and shaped in a cylin- 
drical manner as shown in Fig. 5. As an altema'ive, the 
targets 52 may have various other shapes, such as a 
hyperbolic conical shape (see Fig. 6) or an oblate sphe- 
roid shape (sec Fig. 7). Targets of various shapos will 
provide difforeni response patterns that may be more 
advantageous depending on the operating conditions 
and the sensitivity o1 the nnonitoring device 56. 

The targets 62 ar© retained within a thin wall elastic 
tube 58 formed from a non-rellecttng material at the fre- 


quencies being generated by the monitoring device 56. 
As with the embodiment of Figs. 1 -4. the tube 58 has a 
modulus of elasticity less than the strands of the rope 
54 such that it freely stretches as the strands elongate. 

5 The moniloring device 56 is a multiple impulse radar 
that is positioned proxin^te to the plurality of ropes 54. 
The pulse repetition frequency is high (approximately 2 
MHz) such that the targets 52 may be distinguished from 
the rope 54 and any irregularities in the spacing between 

TO targets 52 may be determined. In addition, the poised 
radar emitted fay the monitoring device 56 may be fo- 
cused at various predetemnined distances. As a result, 
a pluralay of ropes 54 may be rrK>nitored simultaneously 
using a single monitoring device 66. 

IS Although the invention has been shown and de- 
scribed with respect lo exemplary embodiments thereof , 
it should be understood by ttiose skilled in the an thai 
various changes, omissions, and additions may be 
made thereto, without departing from the scope of the 

20 invention as defined by the claims. 


Claims 

2S 1, A hoisting rope (18:54) including a plurality of dis- 
crete targets (32;62) retained within the hoisting 
rope, the targets being spaced along the length of 
the hoisting rope, the targets having a characteristic 
that nr>ay be monitored by a device (34;56) respon- 
se sive to that characteristic, such that changes in 
spacing between targets are indicative of a degra- 
dation in the hoisting rope. 

2, A hoisting rope (13:54) as claimed in claim 1. the 
35 hoisting rope being formed from a plurality of load- 
carrying strands (3S), and further including a non- 
load-carrying lube (40:58) disposed within the plu- 
rality of strands such that elongation of the plurality 
of strands produces a corresponding elongation of 
40 the lube, the tube having a nnodulus of elasticity less 
than the load-carrying strands of the hoisting rope, 
and wherein the targets (32:52) are secured to the 
tube. 

•*5 3. A hoisting rope as claimed in claim 2. wherein the 
tube (40:5S) is woven into the plurality of strands 
(38) of the hoisting rope (18:64). 

4. A hoisting rope (18) as claimed in any preceding 
50 claim, wherein the targets (36) are formed from a 
material having a magnetic permeability character- 
istic that may be monitored to determine spacing 
botwocn targets. 

SS B, A hoisting rope (54) as claimed in any of claims i 
to 3. wherein the targets (52) are formed from a ma- 
terial having as a characteristic the ability to reflect 
electromagnetic energy, such that a device emitting 
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such eleciromagneiic energy may be used lo deier- 
mine the spacing between targels 

6. A hoisting rope (54) as claimed in claim 5. wherein 
the targets (52) are dimensioned such that when 
electromagnetic energy ot a particular frequency is 
directed onto the target, a reflected beam is gener- 
ated laterally relative to the longitudinal direction of 
The hoisting rope. 

7. A hoisting rope (54) as claimed in claim 6. wtierein 
the targets (52C) have an oblate spheroid shape, 

8- A hoisting rope (54) as claimed in claim 6. wherein 
the targets (526) have a hyperbolic conical shape. 

9. A method of inspecting a hoisting rope (18,54) as 
claimed in any preceding claim, the meinod includ- 
ing the steps of: 

positioning a device (34:56) proximate to the 
hoisting rope, the device being responsive to 
the characteristic of the targets (02;S4) and po- 
sitioned to sense the presence of a targ^^t; 
moving iho hoisting ropo relative to the dovice; 
and 

nnonitof ing the targets to determine the spacing 
between targets. 

10. A method as claimed in claim 9. wherein the largels 
(32) are formed from a nr>atenat having a magnetic 
permeability characteristic, wherein the device (34) 
is responsive to changes in magnetic field, and 
wherein the step of nrK)nitorlng the targets includes 
determining the locatKxi of each target by sensing 
the presence of changes in the magnetic field gen- 
erated by the target. 

1 1. A method as claimed in claim 9, wherein the targets 
(52) are formed from a material having as a char- 
acteristic the ability lo reflect electromagnetic ener- 
gy, wherein the device (56) is responsive to eleciro- 
magnelic energy^ and wherein the method further 
includes the step of impinging electromagnetic en- 
ergy onto the targets, and wherein the step of n\on- 
itoring the targets includes determining the location 
of each target by sensing the presence of the re- 
flected eleciromagneiic energy, 

1 2. An elevator system (1 2) including a car (1 4). a coun- 
terweight connected to the car by a rope (ie;54) as 
claimed in any of claims 1 to 8. a nr»achine (24) hav- 
ing a traction sheave (22) engaged with the rope to 
drive the car. and a rope monitoring device (34) re- 
sponsive to the characteristic, such that changes in 
spacing between targets (36;52) are determined. 
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Wherein the rope monitoring device (34) produces 
an output signal that Is transmitted to an elevator 
monitoring system (2S:^). 

14. An elevator system (12) as claimed in claim 13, 
wherein the elevator monitoring system (26:44) pro- 
duces a service alert If the change tn spacing be- 
tween targets (36;52) exceeds a predetemnined 
threshold. 

1 5. An elevator system ( 1 2) as claimed in any of claims 
1 2 lo 1 4» further including a position sensing device 
(28) having an output indicative of the position of 
the elevator car (14), wherein the rope monitoring 
device (34) produces an output signal, and wherein 
the output from the rope monitoring device is coor- 
dinated with the output of the position sensing da- 
vice to determine the position in the rope (18;64) of 
the targets (36;52). 

16. An elevator system (12) as claimed in any of claims 
12 to 15» further including a plurality of ropeS; and 
a plurality of discrete targets (36:52) retained within 
each of the plurality of ropes, the targets being 
spaced along the length of each of the ropes, and 
wherein each of the ropes is nrwnitored to determine 
changes in spacing between targets. 

1 7. An elevator system ( 1 2) as claimed in any of claims 
12 to 16. further including an elevator controller 
(26). wherein the rope monitoring device (34) pro- 
duces an output signal that is transmitted to the con- 
troller, and wherein the controller shuts down the 
operation of the elevator system it the change in 
spacing between targets (36;52) exceeds a prede- 
termined threshold. 


18. An elevator system (12) as claimed in claim 17, 
wherein the controller (26) continuously monitors 
40 the output from the rope nnonitoring device (34). 


45 


so 


ss 


13. An elevator system (12) as claimed in claim 12. 
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